In this study, we utilized recombinant strains expressing the M5 and M18 proteins and M ؊ mutants of group A streptococci to compare the abilities of these M proteins to confer resistance to phagocytosis and to mediate adhesion to host cells. The data indicate that the M5 and M18 proteins can confer resistance to phagocytosis, that fibrinogen is required for this resistance, and that these M proteins can mediate adhesion to HEp-2 cells.
282 whose construction and characterization will be described elsewhere (9) , reacted with the respective type-specific antisera. The levels of antibody binding to M5 Manfredo and 24-5 were similar, as were those of antibody binding to 87-282 and 24-18, indicating that the quantities of M proteins expressed on their surfaces were similar. To confirm that the levels of expression of M proteins were similar, anti-SM5(235-264) serum, which is directed against the common C repeat domain of M proteins, was reacted with the streptococci in an enzymelinked immunosorbent assay with streptococci in suspension as the solid phase. M24 Vaughn, M5 Manfredo, 87-282, 24-5, and 24-18 had optical densities at 450 nm (OD 450 ) of ϳ0.6, whereas M24⍀ had an OD 450 of less than 0.02. Western blots demonstrated that the M5 proteins expressed by 24-5 and by M5 Manfredo exhibited the same electrophoretic mobility. Similarly, 24-18 and 87-282 expressed M18 proteins of the same size. The recombinant strains 24-5 and 24-18 grew in whole human blood, whereas M24⍀ failed to multiply in human blood. Furthermore, 24-5 and 24-18 were opsonized by antiserum to pepsin-extracted M5 protein and antiserum to pepsin-extracted M18 protein, respectively. These data indicate that 24-5 and 24-18 express the appropriate M proteins and that their expression confers resistance to phagocytosis.
The binding of fibrinogen was also investigated because it is associated with resistance to phagocytosis (15, (24) (25) (26) , increased virulence of group A streptococci (17, 18, 20) , and adhesion of streptococci to virus-infected cells (16) . Fibrinogen was radiolabeled with [ 3 H]formaldehyde (specific activity of 4,100 cpm/g) as previously described (24) . Fibrinogen was added to 500-l cultures of streptococci at an OD 530 of 0.2, and the mixtures were rotated for 30 min. The bacteria were washed three times in phosphate-buffered saline containing 0.05% Tween 20, and the amount of fibrinogen bound was determined by scintillation spectroscopy. M24 Vaughn bound 10.29 g of fibrinogen, 24-5 bound 6.65 g, 24-18 bound 1.56 g, and M24⍀ bound 0.08 g. The ability of these recombinant strains to multiply in whole blood was dependent on the presence of fibrinogen (Table 2 ). Even 24-18, which bound dramatically less fibrinogen than 24-5 and M24 Vaughn, was dependent on the presence of fibrinogen for growth in whole blood. That this low level of fibrinogen binding to 24-18 still confers resistance to phagocytosis is not surprising, since Whitnack et al. (26) showed that as little as 1/10 of the maximal level of fibrinogen binding to M24 Vaughn can confer resistance. The data for the M5 and M24 proteins are consistent with previous reports indicating that the binding of fibrinogen to these M proteins can prevent opsonization and phagocytosis (15, 25) .
The M5 and M18 proteins also serve as adhesins in streptococcal attachment to HEp-2 cells. M24 Vaughn, 24-5, 24-18, and 87-282 attached to HEp-2 cells in similar numbers, whereas the levels of adhesion for M24⍀ and M18⍀ were dramatically reduced (Fig. 1) . However, the adhesion of M18⍀ was higher than that of M24⍀, suggesting that 87-282 might utilize an additional adhesin. The mechanism(s) whereby these M proteins mediate adhesion is not completely understood. A fucosylated glycoprotein on HEp-2 cells (21) and the membrane cofactor protein CD46 on keratinocytes (11) have been proposed as receptors for the M6 protein. The M6 protein appears to mediate attachment to keratinocytes by interactions between its C repeat domain and CD46 (11) . The C repeats of M proteins do not appear to be involved in streptococcal adhesion to HEp-2 cells, because pepsin-extracted M protein, which lacks C repeats, blocks adhesion of streptococci to HEp-2 cells (1). While M proteins mediate adhesion to certain types of host cells, other streptococcal adhesins may also be involved (2, 4, 8) .
In the present study, we have shown that the M5 and M18 proteins confer resistance to phagocytosis when expressed on the surface of the M-negative type 24 strain. Moses et al. (10) recently found that the growth of strain 87-282 in whole blood was dependent on expression of the M18 protein. However, in a related study (9), we found that inactivation of emm18 in strain 87-282 had little to no effect on growth in blood. The basis for these different findings is not clear. One possible explanation is that there is an additional survival factor that may be variably expressed in the genetic background of 87-282 (9) . The fact that the binding of fibrinogen to the M18 protein in strain 87-282 is not required for growth in blood (7), while the growth of 24-18 is dependent on fibrinogen binding to the M18 protein, supports the concept that the genetic background of the host strain may influence the functional contribution of M proteins to virulence of the organism. Others have also found that surface components of group A streptococci besides M protein can contribute to survival of the organisms in blood. The hyaluronate capsule (7, 23) and M-like proteins (14) can contribute to survival of the organisms in whole blood. Taken together, these results suggest that the relative contributions of M proteins to survival of group A streptococci in blood may depend on the genetic background of the host strain and coexpression of other virulence factors. a Human blood cells from a nonimmune donor were washed and resuspended in plasma, serum, or serum plus fibrinogen. The streptococci were added to the mixtures, the mixtures were rotated for 3 h at 37°C, and the total numbers of CFU were determined by plating on blood agar.
